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Scope 

• Exergy justification of cogeneration (CHP) 
• Classical tri-generation 
• Primary Energy Savings  (PES ) according to EU Directive 2004/8/EC 
• Exergy-upgraded PES according to Rational Exergy Management 

Model (REMM). 
• Exergy-101: Solution Algorithm by REMM 

 
• Analysis 

 Base Scenario : Conventional Tri-generation with heat-operated cooling  
 Scenario 1       : Trigeneration with ORC and electric-operated chillers 
 Scenario 2       : Tri-generation with ORC and ground-source heat pumps 

 

• Comparison of results 
• Discussion 
• References 

 

 



Introduction 

• Efficient and rational use of fossil fuels lead to an increasing 
interest in cogeneration and tri-generation. 

 

• The rationality mainly depends on how the thermal output of 
the system is utilized. It is important to generate more electric 
power first rather than heat to maximize the exergy output like 
in a bottoming cycle - electric power has more exergy than heat. 

 

• Tri-generation systems generally use absorption or adsorption 
cycles to generate cold for cooling. 

 

• This study investigates whether an ORC-based system has 
advantages, especially when combined with a ground-source 
heat pump. 



Exergy Justification of Cogeneration 
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Classical Tri-generation 

CHP ABS ADS 

In a classical tri-generation system, the thermal output of the CHP 
unit is utilized for generating cold in an absorption machine and 
sometimes in a tandem adsorption machine with supplementary 
heat. This tandemization was designed for 6,4 MWe Trigeneration 
system for Turgut Özal Hospital in Malatya. 
In this system, the electrical power generated is almost entirely 
saved for electric power demand points. 

The overall exergy efficiency is around 0,35 and the COPc  
is 0,40 from the fossil fuel input point.  



Primary Energy Savings- EU Directive 
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Reference Values Explanation 

RefHη 0,85 Partial  efficiency of thermal output  in cogeneration 

RefEη 0,52 Partial efficiency of electrical power output 



Exergy Upgraded Primary Energy Savings - REMM 
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Reference Values Explanation 

RefHη 0,85 Partial  efficiency of thermal output  in cogeneration 

RefEη 0,52 Partial efficiency of electrical power output 

RefSη 0,75 Partial efficiency of steam output 

RefPER 1,28 Primary energy ratio in heating (Heat pump) 

RefPER 0,96 Primary energy ratio in cooling (Heat pump) 

0,204 [Şiir Kilkis, 2011) 
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Exergy-101 Solution Algorithm with REMM 

  The primary objective is to maximize    R



Exergy-101 
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Analysis 

• Scenario 1 - ORC driven chillers. 

 

CHP ORC CHILLERS 

With a design chiller with COPc of 3,0 and ORC efficiency of 0,1 
the overall COPc from the fuel input point is about 0,15. Here 
the thermal efficiency of the CHP unit is taken 0,5. However , 
the exergy efficiency of this scenario increases to about 0,45. 

TES 



Analysis 

• Scenario 2- ORC driven GSHP 

CHP ORC GSHP 

ADS 

In this system, the overall COPc is about 0,5 and the 
exergy efficiency is 0,55.  



COMPOUND CO2 EMISSIONS 
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Results And Comparison 

Scenario PER (COP) PES ψR ∑CO2 Pay-Back 

Base Case 0,40 0,25 0,35 1 1 

Scenario 1 0,15 0,30 0,45 0,55 0,8 

Scenario 2 0,50 0,34 0,55 0,65 1,3 

Overall, Scenario 2 seems to be the best option among others. Yet there 
must be a reasonable amount of heating load in order to justify the ground-
source heat pump. A direct mechanical drive between the ORC system and 
the GSHP may slightly improve the efficiency further but this option may 
reduce the flexibility of electric power driven option for the GSHP. 



Discussion 

Cooling by utilizing the thermal output of a CHP system has 
several alternatives. 
 
These alternatives must be carefully selected on a case by 
case condition. However, the following rules may apply: 
 
Check the dominance of cooling and heating loads in a year 
Check the typical cooling and heating load profiles 
Make a careful optimization for pay-back period, energy 
savings, and environmental effect. 
The use of low-exergy cooling systems and equipment 
must be sought. 
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